Abstract-The effect of anoxia on the shortening induced by high-K medium was investigated in isolated rat uterus. The shortening induced by high-K medium was maintained for 75 min or more under normoxia in the initial load (0.35 g). Under normoxia, 1, 2, 2.5 and 3 g load to the uterus reduced the maximum shortening induced by high-K medium to 93, 65, 18 and 3 %, respectively. Under anoxia the high K induced shortening in the initial load was not so affected and it was maintained at least for 60 min. However, against 0.7 and I g load to the uterus, the maximum shortening reduced greatly to 14 and 13 % under anoxia. Effects of anoxia on the shortenings induced by high-K medium in guinea pig taenia coli and longitudinal muscle from ileum were also studied. Our observations support the theory that the shortening of the light loaded muscle under anoxia is maintained by only a little force and the muscle may not be so dependent on metabolic energy.
In the smooth muscle of guinea-pig taenia coli, high potassium (40 mM K) produces a tonic response (1) . It has been reported that the contraction induced by high-K medium disappears by anoxia in isometric recording (2) and is not so affected by anoxia in isotonic recording of taenia coli (3) . Thus the high K-induced shortening maintained under anoxia appears to be an important factor in the study of smooth muscle function.
The present experiments were undertaken to clarify the physiological differences of the isotonic shortenings induced by high-K medium between under normoxia and anoxia in the rat uterus, guinea-pig taenia coli and longitudinal muscle from guinea-pig ileum.
MATERIALS AND METHODS
Wistar rats weighing about 250 g were ovariectmized and on 7th post-operative day were given 20 ,.cg/ 100 g estradiol benzoate 3 x daily x 2 days, then were sacrificed on the following day. The two horns of the uterus were excised. Strips of taenia coli were isolated from white male guinea pigs weighing about 400 g. The longitudinal muscle strips were dissected according to the method of Ambache (4) from the isolated guinea pig ileum.
In the case of the uterus, De Jalon solution was used. The solution contained (mM) : NaCI 154.0, KCl 5.6, CaC12 0.5, NaHCO3 2.4 and glucose 2.5. For the intestinal smooth muscle, modified Tyrode solution was used and contained (mM): NaCI 136.8, KCl 2.7, CaCl2 2.5, MgCl2 1.0, NaHCO3 11.9 and glucose 5.5. An organ bath was bubbled with air (normoxia) at 32°C (uterus) or 37°C (intestinal muscle). A state of anoxia was provided by bubbling with 100% N2 gas instead of air. A high-K medium was made by the application Muscle contractions were recorded isotonically with a light writing lever (initial load of 0.35 g). When the load was applied to the isotonic lever, the distance from the fulcrum to the load was equal to that from the fulcrum to the muscle side.
RESULTS
Effects of anoxia on the high K-induced shortening of uterus The shortening was produced by high-K medium under normoxia in the rat uterus.
This shortening was maintained for 75 min or more and reached to the original level within one min after removal of the high-K solution. Aerating the medium with N2 gas 15 min after the application of the high-K medium, the shortening did not show any significant change and this state was maintained at least for 60 min (Fig. 1) .
Effects of the loads on the high K-induced shortenings of uterus under normoxia and anoxia were tested. • : the shortening at 15 min after the application of high-K medium against the load under normoxia.
0 : the maximum shortening after the ap plication of high-K mediums against the load under anoxia (b/a x 100 in Fig. 3 ).
7 : the shortening at 15 min after the application of high-K medium against the load under anoxia (c/a x 100 in Fig. 3 ).
the maximum height of shortening was reduced to 6515 (n=5), 18±2 (n=5) and 3± 1 (n =4) %, respectively. Against a 4 g load, the high-K medium did not produce a shortening of the muscle (Fig. 4) .
Under anoxia in the initial load of 0.35 g, the maximum shortening and the shortening 15 min after the application of high-K medium were reduced to 8812 (n = 11) and 7913 (n=11)%. Against 0.7 and a 1 g load, the maximum shortenings were reduced greatly to 1413 (n=4) and 13±5 (n=5) % and the shortening 15 min after the application of high-K medium was reduced to less than 4 %. Under anoxia against the 2 g load, the shortening did not occur in a high-K medium (Fig. 4) .
Effects of anoxia on the high K-induced shortening of taenia coli
The shortening of taenia coli induced by high-K medium in the initial load was not so affected by anoxia. About 90% of the shortening was maintained at least for 60 min.
The loads were applied to taenia coli as shown in Fig. 3 . Under normoxia, a 1 g load to the muscle resulted in little change in the shortening induced by the high-K medium.
Under normoxia 3 and 5 g loads, the maximum height of shortening was reduced to 57±7
(n=9) and 513 (n=4) % (Fig. 5) . Under anoxia the maximum shortening and the shortening 15 min after the application of high-K medium in the initial load reduced to 9314 (n=6) and 7316 (n=6) %. Under anoxia against 1 and 3 g, the maximum shortenings re duced to 8616 (n=5), 24±8 (n=4)% and the shortenings 15 min after the application of high-K medium reduced to 9 18 (n=5), 0 %. Effects of anoxia on the high K-induced shortening of longitudinal muscle
The shortening of longitudinal muscle induced by high-K medium was reduced to half of the maximum under a state of anoxia, but was maintained for 60 min or more. The shortening which was maintained under anoxia could be restored by replacing the N2 with air.
Under normoxia 1, 2, 3 and 4 g loads to the muscle reduced the maximum height of shortenings to 71-L8 (n=9), 18 5 (n=4), 61-1 (n-4) and 0%, respectively. Under anoxia, the maximum and shortening 15 min after the application of high-K medium in the initial load was reduced to 84--4 (n=4) and 52-5 (n-4)°0. Under anoxia, a 1 g load to the muscle reduced the maximum shortening to 23±4 (n=4)% (Fig. 6 ).
Thus the shortenings induced in the uterus, taenia coli and longitudinal muscle by a high-K medium were maintained tinder anoxia in the light load and the application of loads to these muscles showed a more decreasing effect on the shortening under anoxia than under normoxia.
DISCUSSION
It has been reported that the tension development to high-K medium is composed of a phasic and tonic response in taenia coli and the latter is an active process depending on metabolism (1, 2, 5, 6). Csapo (7) found that the isotonic shortening of the light loaded uterus had no significant temperature dependence in comparison with the isometric tension in electrical stimulation. The isometric tension response reportedly declines more rapidly in a glucose-free solution than does the isotonic response in the light loaded muscle (8) .
These findings support the thesis that the tonic component of isometric contraction is de pendent on energy metabolism.
The contraction induced by high-K medium disappeared by anoxia in isometric record ing (2) and was not so affected by anoxia in isotonic recording of taenia coli (3) . In the present work we found that in the uterus under anoxia, the shortening induced by high-K medium was maintained for 60 min or longer. The application of loads to the muscle showed a more decreasing effect on the shortening induced by high-K medium under anoxia than under normoxia. The results obtained from the present experiments suggest that the shorten ing of the light loaded muscle which remains under anoxia is maintained with only a little force. It is assumed that the high-K induced shortening of the loaded muscle is required for the continuous supply of energy, and under anoxia, the supply of energy-rich phosphate compounds may not be sufficient to maintain the shortening of the loaded muscle.
This explanation followed experiments on the glycerinated smooth muscle. Tension developed in a concentration of 1 x 10-IM Ca, 5 mM Mg-ATP in the glycerinated taenia (9) .
With isotonic recordings, shortening in the muscles was also seen under the same condition mentioned above. The role of ATP in intracellular fluid for the maintenance of tension in glycerinated taenia coli was also investigated and we found that when ATP was removed from the external medium 60 min after the addition of Ca and Mg-ATP, the tension produced by Ca and Mg-ATP in the case of isometric contraction returned to the original level within 60 min after the subsequent washing out the ATP. However in isotonic contraction, the shortening produced by Ca and Mg-ATP was maintained even after the subsequent washing out the ATP. The maintenance of the isometric response may depend on the presence of ATP in intracellular fluid. However, it seems that ATP in intracellular fluid is not necessary for the maintenance of the shortening in the light loaded glycerinated taenia (in preparation).
Born (10) reported that there was a correlation between the tension development and the creatine phosphate concentration in taenia coli. Furthermore, it has been reported that vascular smooth muscle in generating maximum isometric tension consumes 3 times the amount of energy stored in its preformed high energy phosphate compounds (11). Paul et al. (12) found that the relation between isometric force and oxygen consumption rate is linear in vascular smooth muscle.
At any rate, it is clear that the shortening of the light loaded muscle under anoxia is maintained with only a little force and the muscle may not be so dependent on metabolic energy.
